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Disclaimer 

The pilot testing project report is presented solely for information purposes and is not 

intended to provide specific advice or recommendations in any circumstances. This pilot 

testing project report includes information from different sources and such information has 

not been independently confirmed for correctness or completeness. The information 

provided does not imply on the part of the Government of Ontario, the Walkerton Clean 

Water Centre (Centre) or its employees, any endorsement or guarantee of any of the 

information. The Government of Ontario, the Centre and its employees, do not assume and 

are not responsible for any liability whatsoever for any information, interpretation, comments 

or opinions expressed in the pilot testing project report. 
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Executive Summary 

Background 

The Island Lake Drinking Water System (DWS) is located in the Town of Mono, in South-

Central Ontario. The DWS draws raw water from five groundwater wells; this includes Coles 

Well 1, Coles Well 2, and Island Lake Wells 1, 2, and 3. On January 1st, 2018, the Ministry 

of the Environment, Conservation and Parks (MECP) set a maximum acceptable 

concentration (MAC) of 10 µg/L for arsenic in finished water (MECP, 2020). Four of the 

DWS’s wells have levels of arsenic ranging from 5-10 µg/L. Raw water from Coles Well 1 

has had arsenic levels ranging as high as 10-12.5 µg/L from 2019 to 2021. Arsenic levels in 

the treated water were all above half of the MAC, and there has been a general increasing 

trend over the years.  

The Town of Mono approached the Walkerton Clean Water Centre (Centre) to conduct pilot 

testing to assist in future planning for the DWS to reduce the amount of arsenic in the treated 

water. Arsenic is a proven carcinogenic water contaminant and the MAC level set by the 

MECP could be lowered in the future.  

The wells also have high levels of iron (0.3-0.6 mg/L) and manganese (0.03-0.04 mg/L) 

occurring naturally in the source water. The aesthetic objective (AO) in Ontario for iron and 

manganese are 0.3 mg/L and 0.05 mg/L, respectively. Iron concentrations are above the 

AO in all the wells, and manganese concentrations are all just below the AO. However, in 

2019, Health Canada recommended lowering the AO for manganese in finished water to 

0.02 mg/L, as the presence of manganese in drinking water is often related to consumer 

complaints regarding discoloured water and lowers consumer confidence in drinking water 

quality (Health Canada, 2019). As provincial regulatory bodies normally adapt their 

standards based on the recommendations of Health Canada, it is likely this value will be 

updated provincially in the near future. Therefore, a secondary objective of this study was 

to reduce iron and manganese below both the current Ontario AO and the Health Canada 

recommended AO for manganese that may be adopted by the province in the future.  
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Objective 

The overall objective of this pilot testing project was to determine the initial performance of 

the following three treatment processes to reduce arsenic in the treated water to below 5 

µg/L. These processes include: 

• a chlorination-adsorption process using Omni-SORB™ and SORB 33® media 

filtration in series. 

• a chlorination-filtration process, with and without coagulant (FeCl3) addition and a 

contact tank, followed by cartridge filtration (10 µm, 5 µm, and 1 µm in series). 

• a chlorination-filtration process, with and without coagulant (FeCl3) addition and a 

contact tank, followed by sand filtration. 

Secondary objectives of this project included the assessment of above proposed treatment 

processes on the removal of iron and manganese and the formation of two disinfection by-

products (DBPs), trihalomethanes (THMs) and haloacetic acids (HAAs). 

Approach 

Preliminary bench-scale experiments were conducted using a Phipps & Bird conventional 

six-jar tester. The pilot scale experiments were conducted using a three-train pilot system. 

A raw water source was selected from each pumphouse, to represent the most challenging 

water quality, and these sources were each dosed with sodium hypochlorite at two different 

concentrations, then passed through three different treatment trains. Experiments were 

duplicated to confirm results. 

Key Findings 

The following conclusions were found during this project: 

• Preliminary bench-scale testing demonstrated that on average for all the water sources, 

the optimal chlorine dose was 0.5 mg/L for oxidation of arsenic and iron and the optimal 

FeCl3 dose was 3 mg/L. Manganese required higher chlorine doses to increase 

reduction. 
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• For Coles Well 1, pilot testing results showed that Omni-SORB™ removed about 86% 

arsenic, SORB 33® removed about 98% arsenic, the 10 µm cartridge filter removed 

about 30% arsenic, the 5 µm cartridge filter removed about 52% arsenic, the 1 µm 

cartridge filter removed 66% arsenic, and the sand filter removed 82% arsenic from the 

raw water. Two chlorine doses were tested on this water source (0.5 mg/L and 1.3 mg/L) 

and it was found that the dose did not make a significant difference on arsenic, iron and 

manganese removal for the Omni-SORB™ and SORB 33® processes. The higher 

chlorine dose tested (1.3 mg/L) increased the manganese reduction for the cartridge 

filters and sand filter processes. 

• For Island Lake Well 1, pilot testing results showed that Omni-SORB™ removed about 

90% of arsenic, SORB 33® removed about 97% arsenic, the 10 µm cartridge filter 

removed about 30% arsenic, the 5 µm cartridge filter removed about 49% arsenic, the 1 

µm cartridge filter removed 72% arsenic, and the sand filter removed 97% arsenic from 

the raw water. Two different chlorine doses were tested on this water source (1.3 mg/L 

and 1.8 mg/L), and it was found that the dose did not make a significant difference on 

arsenic, iron and manganese removal for the Omni-SORB™ and SORB 33® processes 

The higher chlorine dose tested (1.8 mg/L) was found to increase the arsenic, iron, and 

manganese reduction for the cartridge filters process. The higher chlorine dose also 

improved the manganese reduction, but decreased arsenic and iron reduction for the 

sand filter process. 

• THMs and HAAs concentrations in the treated water were well below their respective 

MACs, indicating that all three of the proposed arsenic reduction processes would not 

be likely to have an adverse effect on DBP formation in the distribution system.  
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1. Introduction 

The Island Lake Drinking Water System (DWS) is located at the southern limit of the Town 

of Mono, in South-Central Ontario. The DWS draws raw water from five groundwater wells 

(Coles Wells 1 and 2, and Island Lake Wells 1, 2, and 3). The DWS has a rated capacity of 

3,300 m3/d and serves about 2,000 people in the community. The current DWS consists of 

disinfection using liquid sodium hypochlorite for all five wells and iron sequestration using 

liquid sodium silicate is also applied for the Island Lake wells only. Sequestration is applied 

to the Island Lake wells as these groundwater sources have higher iron and manganese 

levels than the Coles wells. In both pumphouses, after the sodium hypochlorite is added to 

the raw water, it flows through a pipe gallery until the required contact time has been reached 

before leaving the pumphouse to the distribution system. The contact time for Coles Wells 

is about 16.5 minutes, while the contact time for the Island Lake Wells is about 21 minutes. 

The maximum detention time in the distribution system is believed to be about 6-7 days. 

On January 1st, 2018, the Ministry of the Environment, Conservation and Parks (MECP) set 

a maximum allowable concentration (MAC) at 10 µg/L for arsenic in finished water (MECP, 

2020), reduced from the previous MAC of 25 µg/L. Four of the DWS’s wells have levels of 

arsenic ranging from 5-10 µg/L in their raw water. Coles Well 1 has had arsenic levels 

ranging as high as 10-12.5 µg/L from 2019 to 2021. Arsenic levels in the treated water were 

all above half of the MAC, and there has been a general increasing trend over the years 

(indicated by the historical data).   

Arsenic in water mostly comes from natural deposits in the earth. It is a proven carcinogen 

that can cause skin, lung, and bladder cancer. The Town of Mono approached the Walkerton 

Clean Water Centre (Centre) to conduct pilot testing to assist in future planning for the DWS 

to reduce the amount of arsenic in the treated water. Not only is it best practice to reduce 

the arsenic in the treated water as much as is feasibly possible, but there is also a chance 

the MAC may be lowered again in the future by the MECP, leaving less time to plan for 

future infrastructure improvements. Coles Well 1 is currently not in service due to its higher 

levels of arsenic in the raw water. The population of the Town of Mono is expanding and 

capacity for the DWS may need to be increased. Adding Coles Well 1 back into service with 
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treatment to address the elevated levels of arsenic would help the DWS gain capacity 

moving forward.  

Further, all five wells have iron and manganese in the raw water. The Ontario aesthetic 

objective (AO) for iron and manganese are 0.3 mg/L and 0.05 mg/L, respectively. However, 

in 2019, Health Canada recommended lowering the AO for manganese in finished water to 

0.02 mg/L, as the presence of manganese in drinking water is often related to consumer 

complaints regarding discoloured water and lowers consumer confidence in drinking water 

quality (Health Canada, 2019). As provincial regulatory bodies normally adapt their 

standards based on the recommendations of Health Canada, it is likely this value will be 

updated provincially in the near future. Iron concentrations in all five wells are above the 

Ontario AO, and manganese concentrations are all below the Ontario AO, but above Health 

Canada’s AO. Therefore, a secondary objective of this study will be to reduce iron below the 

current Ontario AO (0.3 mg/L) and manganese below the Health Canada recommended AO 

(0.02 mg/L). 

Typical arsenic reduction strategies include chlorination-adsorption, and chlorination-

filtration processes (Chowdhury et al., 2002). In this pilot testing project, Omni-SORB™ 

media and SORB 33® media (De Nora Water Technologies, LLC) were selected as the 

adsorption media to reduce arsenic from the chlorinated water. Pleated polypropylene filters, 

and a sand filter were selected to perform the filtration processes to reduce arsenic from the 

chlorinated water. When the water contains enough natural iron, chlorine is added to oxidize 

both iron and arsenic.  The oxidized arsenic is adsorbed or coprecipitates with the iron and 

is then removed by filtration. If the water’s natural iron level is not adequate for arsenic 

removal, a coagulant such as ferric chloride (FeCl3) can be used to supplement the iron 

levels in the water and therefore to enhance arsenic reduction (Chowdhury et al., 2002).  

The overall objective of this pilot testing project was to determine the initial performance of 

the following three treatment processes to reduce arsenic in the treated water to below 5 

µg/L. These processes include: 

• a chlorination-adsorption process using Omni-SORB™ and SORB 33® media 

filtration in series. 
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• a chlorination-filtration process, with and without coagulant (FeCl3) addition and a 

contact tank, followed by cartridge filtration (10 µm, 5 µm, and 1 µm in series). 

• a chlorination-filtration process, with and without coagulant (FeCl3) addition and a 

contact tank, followed by sand filtration. 

Secondary objectives of this project included the assessment of the above proposed 

treatment processes on the removal of iron and manganese, and the formation of two 

disinfection by-products (DBPs), trihalomethanes (THMs) and haloacetic acids (HAAs). 

2. Materials and Methods 

2.1. Preliminary tests: On-site jar tests 

Two jar tests were conducted at all 5 wells (Coles Well 1 and 2, and Island Lake Well 1, 2, 

and 3). 

Jar Test 1 was conducted to find an optimal chlorine dose to oxidize arsenic (III) (H3AsO3, 

H2AsO3 -) to arsenic (V) (H2AsO4-, HAsO42-, AsO43-). Jar Test 2 was conducted to find an 

optimal coagulant dose (FeCl3) to flocculate arsenic (V). 

The purpose of the jar tests was to demonstrate a “proof of concept” and confirm if 

chlorination followed by filtration is a viable technology to reduce arsenic from the raw 

waters. 

The Centre’s staff conducted jar testing at Coles Pumphouse, a part of the Island Lake DWS. 

A Phipps & Bird conventional six-jar tester was used. Two jar tests were conducted using 

raw water from each of the wells following the sequence listed in Table 1. 

 

2.1.1. Jar Test 1 - Determination of the optimal dose of chlorine 
Sodium hypochlorite was added at six different doses to the Coles Wells raw water: 0.5, 1, 

1.5, 2, 2.5, and 3 mg/L as chlorine.  These doses were selected based on the free chlorine 

residuals monitored at the pumphouse. Prior to the contact pipe, the free chlorine residuals 

were observed between 1.3 and 1.6 mg/L. Since the Island Lake Wells had higher iron and 

manganese levels and therefore a higher chlorine demand, sodium hypochlorite was dosed 

at 0.5, 1, 1.5, 2, 3, and 6 mg/L as chlorine to the Island Lake Wells raw water.  
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2.1.2. Jar Test 2 - Determination of the optimal dose of FeCl3 
The optimal chlorine dosage obtained from Jar Test 1 for each set of wells was used in Jar 

Test 2. For the Coles Wells, it was determined to dose 1.3 mg/L and for the Island Lake 

Wells, 1.6 mg/L was selected. Six different dosages of FeCl3, 0.5, 1, 1.5, 2, 2.5, 3 mg/L, 

were added to the raw waters dosed with the optimal concentrations of chlorine.  

Table 1. Jar Testing Conditions 

Jar Test 1 

Procedure 
Jar 

1 2 3 4 5 6 
Chlorine addition (mg/L) for 

Coles Wells 0.5 1.0 1.5 2.0 2.5 3 

Chlorine addition (mg/L) for 
Island Lake Wells 0.5 1.0 1.5 2.0 3.0 6.0 

Rapid Mixing 100 RPM for 1 minute duration. 
Flocculation 20 RPM for 15 minutes duration. 

Sedimentation 0 RPM for 30 minutes duration.  
Samples collected immediately following. 
Jar Test 2 

Procedure 
Jar 

1 2 3 4 5 6 
Chlorine addition (mg/L) for 

Coles Wells 1.3 

Chlorine addition (mg/L) for 
Island Lake Wells 1.6 

Rapid Mixing 100 RPM for 1 minute duration. 
Flocculation 20 RPM for 15 minutes duration. 

FeCl3 addition (mg/L) for  
all wells 0.5 1 1.5 2 2.5 3 

Rapid Mixing 100 RPM for 1 minute duration. 
Flocculation 20 RPM for 20 minutes duration. 

Sedimentation 0 RPM for 30 minutes duration.  
Samples collected immediately following. 

 

2.1.3. Water Quality Analysis 
Grab samples were collected from the jars immediately after the final sedimentation stage 

of each jar test. Water quality analysis was performed by Centre staff on-site, back at the 

Centre or it was collected and shipped out to an accredited external laboratory for analysis. 
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The water quality parameters measured, and their respective methods and detection limits 

are listed below in Table 2.  

Table 2. Parameters and methods of water quality analysis after jar tests 

Parameter Preparation Method Range 

Turbidity1 N/A 
USEPA 

Method 180.1 
0 to 1000 NTU 

pH1 N/A 
Hach Method 

8156 
0 to 14 

Temperature1 N/A 
Hach Method 

8156 
N/A 

Colour, true and apparent1 
True colour – 0.45 µm 

filtered 

Hach Method 

8025 
5 to 500 Pt-Co 

UV absorbance at 254 nm1 0.45 µm filtered 
Real Tech 

UV254 Method 
0 to 2 cm-1 

Dissolved organic carbon 

(DOC)2 
0.45 µm filtered 

Standard 

Method 

5310C 

0.004 to 50 mg/L 

Alkalinity1 N/A 
Hach Method 

8203 

10 to 4000 mg/L as 

CaCO3 

Iron, dissolved and total1 
Dissolved - 0.45 µm 

filtered  

Hach Method 

8008 

0.02 to 3.00 mg/L 

as Fe 

Chlorine, free and total1 N/A 
Hach Method 

8021 

0.02 to 2.00 mg/L 

as Cl2 

Arsenic3, dissolved and total 
Dissolved - 0.45 µm 

filtered 
ICPMS N/A 

Manganese3, dissolved and 

total 
Dissolved - 0.45 µm 

filtered 
ICPMS N/A 

Notes:  
1 These parameters were measured on-site at the respective pumphouse where jar testing and pilot 

testing was being conducted.  
2 These parameters were brought back to be analyzed at the Centre. 
3 These parameters were shipped out and analyzed by an accredited external laboratory. 
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2.2. Pilot Plant Set-up 

2.2.1. Train 1: Oxidation and Filtration/Adsorption 
Train 1 is a “hybrid” filtration/adsorption system following oxidation using chlorine. 

Consisting of Omni-SORB™ media filtration, designed to remove iron, manganese and 

arsenic, followed by SORB 33® media filtration to further reduce arsenic to less than 5 µg/L 

through adsorption. The medias were packed into pressure tanks (9” D x 48” H) as follows: 

0.5 cubic ft Omni-SORB™ media on the bottom and 0.5 cubic ft anthracite media on the top 

in one pressure tank and 1 cubic ft SORB 33® media was packed into another pressure 

tank. Since media has its own chlorine demand, an initial backwash and chlorine soak was 

conducted to prepare the vessels and media for the tests. Backwashing was conducted 

using tap water for a duration of 60 minutes to remove fines, then filters were drained and 

chlorinated for 24 hours duration using a sodium hypochlorite solution (0.75 L of 12% sodium 

hypochlorite into 25 L of tap water). Prior to beginning the tests, Coles Well 1 raw water was 

used to flush the chlorinated media until the free chlorine residual in the effluent dropped 

below 0.05 mg/L. 

 

2.2.2. Train 2: Oxidation and Cartridge Filtration  
Train 2 consisted of a series of pleated, polypropylene cartridge filters of decreasing pore 

sizes (10 µm, 5 µm, and then 1 µm) following oxidation with chlorine. Each cartridge filter 

was 4.25" diameter and 10" length and was contained in a standard 10” cartridge filter 

housing. 

 
2.2.3. Train 3: Oxidation and Sand Filtration 
Train 3 consisted of a sand filter following oxidation by chlorine. One cubic ft of filter sand 

was packed into a pressure tank (9” D x 48” H).  The effective size of the sand is 0.45-0.55 

mm, uniformity coefficient is 1.6 or less, density is 100 lbs/cubic ft, and specific gravity is 

2.65-2.75. 
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2.3. Pilot Testing Conditions 

2.3.1. Run-Time 

The run-time of each treatment train for the tests was determined by calculating the empty 

bed contact time (EBCT) of each filter bed. For this pilot testing project, a run-time of three 

times the filter EBCT was determined to be adequate. Table 3 illustrates the selection of 

run-time for each treatment train. During pilot testing, each train of the pilot plant was 

operated at a steady state for the run-time shown in Table 3. 

Table 3. Run-time of each treatment train 

Train Filter Bed Flow Rate 
(L/min) 

Total Volume 
(L) 

EBCT or detention 
time (min) 

Run-time 
(h) 

1 
SORB 33®  3 28.3 9.44 1 

Omni-SORB™ 
and SORB 33®  3 56.6 18.88 2 

2 

Cartridge filters 10 7.9 0.79 0.33 

Contact tank1 13 100 5.4  

Cartridge filters 
and contact tank   6.19 1 

3 
Sand  3 28.3 9.44 1 

Sand and 
contact tank    14.8 2 

Note: 1 Contact tank detention time calculation used a baffling factor of 0.7. 

 

2.3.2. Sampling and water quality analysis 

Prior to beginning the experimental runs, the raw waters were collected and analyzed for 

some additional water quality parameters. These tests were recommended by the supplier 

of the Omni-SORB™ media to assess the source water’s characteristics for the applicability 

of this particular treatment. The additional water quality parameters tested for the raw water 

are included in Table 5. 

At the end of each test run, grab samples were collected and tested for the parameters listed 

in Table 2. Samples were collected from the influent (raw water and chlorinated raw water), 
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and effluent from each treatment for each experimental run (sampling ports are labeled as 

“S” in Figure 1). 

2.3.3. Simulated distribution system – disinfection by-product (SDS-DBP) tests  

In order to assess the formation of THMs and HAAs in pilot testing, treated water was 

collected from each treatment train to conduct SDS-DBP tests. THMs and HAAs were 

measured in the treated water and raw water, the comparison between them can be used 

to assess the above treatment process impacts on DBPs formation.  

The maximum detention time of treated water in the distribution system for this community 

is about 6-7 days. Therefore, in this SDS-DBP test, detention times of 5 days and 7 days 

were selected. Grab samples were collected in 250 mL amber bottles and dosed with 

different concentrations of chlorine. Free chlorine, total chlorine and pH were measured 

immediately after dosing. The samples were then stored at 20 ˚C in a dark area, and the 

same measurements were performed after 5 days and 7 days of contact time. The 

incubation temperature of 20 ˚C was selected for sample storage to represent the average 

water temperature in the town’s distribution system during the summer months. The target 

free chlorine residual was 0.5 mg/L at the end of 7 days detention time. At day 7, samples 

with free chlorine residual being close to 0.5 mg/L were then quenched and shipped to an 

external laboratory for THMs and HAAs analysis. The THMs results reflect the sum of 

bromodichloromethane, bromoform, chloroform and dibromochloromethane concentrations. 

The HAAs results indicate the sum of the levels of bromoacetic acid, chloroacetic acid, 

dichloroacetic acid, dibromoacetic acid and trichloroacetic acid. Bromide concentration in 

the raw water was also measured to assess the possibility of brominated THMs formation. 

Although bromide is not regulated by a health-based standard in the Technical Support 

Document for Ontario Drinking Water Standards, Objectives and Guidelines (MOECC, 

2006), it can lead to the formation of brominated THMs in water that has been disinfected 

with chlorine.  
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2.4. On-site pilot testing at Coles Pumphouse 

Pilot testing using a three-train pilot plant was conducted at Coles Pumphouse.  The pilot 

plant was installed downstream of a backflow preventer supplied by the Town of Mono. A 

schematic detailing the pilot plant set-up is illustrated below in Figure 1. A photo of the pilot 

plant set-up is shown in Figure 2.  

 

Coles Well 1 was selected to pilot as a conservative approach since it has the highest 

arsenic level in its raw water. Prior to pilot testing each day, Coles Well 1 was flushed to 

waste at least 1 hour before directing water into the pilot plant to stabilize the water quality. 

The optimal doses determined in jar testing for chlorine and FeCl3 were applied to the pilot 

plant.  

All test runs were duplicated. Pressure of each train as well as the pressure of the raw water, 

the chlorine injection point and the FeCl3 injection point were monitored and recorded 

throughout the tests.  
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Figure 1. Schematic of Pilot Plant Set-up 



11 
 

 

 
Figure 2. Pilot plant set-up at Coles Pumphouse 

2.5. On-Site pilot testing at Island Lake Pumphouse 

On-site pilot testing was conducted at the Island Lake Pumphouse using the same pilot set-

up as was used for Coles Well 1. Due to space constraints, the pilot plant was installed and 

commissioned in a trailer (as shown in Figure 3). The pilot plant was installed downstream 

a backflow preventer supplied by the Town of Mono. Island Lake Well 1 was selected to 

represent the water quality conservatively as the raw water for this well had the highest 

arsenic level and representative iron and manganese levels for the Island Lake wells. The 

Omni-SORB™, SORB 33® and sand filters had not yet been exhausted during the Coles 

Well 1 runs so they were not backwashed before beginning the experimental runs at the 

Island Lake Pumphouse. Cartridge filters were disposed and replaced when they became 

exhausted. All test runs were duplicated. 
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Figure 3. Pilot plant set-up at Island Lake Pumphouse  

3. Results and Discussions 

3.1.  Jar test results 

Jar Test 1 was conducted in December 2021, and Jar Test 2 was conducted in January 

2022. Results for total and dissolved arsenic, iron and manganese during the jar tests can 

be viewed in Figures 4-8.  

Coles Well 1, Jar Test 1 results showed that total arsenic, total iron, and total manganese 

in the raw water were 10.5 µg/L, 0.4 mg/L and 0.0259 mg/L, respectively. They did not 

change significantly with increasing chlorine dose (Figure 4A, 4C, and 4E), but dissolved 

arsenic and dissolved iron (analyzed after 0.45 µm filtration) reduced significantly at the 0.5 

mg/L chlorine dose and the results were stable with further increasing chlorine dose (Figure 

4A, 4C). This indicates that 0.5 mg/L chlorine is optimal for arsenic and iron reduction 

purposes. A higher chlorine dose (1 mg/L) was needed for manganese reduction (Figure 

4E).  

Jar Test 2 results revealed that with increasing FeCl3 addition, the dissolved arsenic 

reduction increased up to the highest dose tested of 3 mg/L (Figure 4B). Dissolved 

manganese reduction did not change with addition of FeCl3 (Figure 4D and 4F). Total iron 

concentration increased proportionally with addition of FeCl3 because it is an iron-based 

coagulant (Figure 4D).   

BFP 
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 It can be concluded that the optimal chlorine dose and FeCl3 dose for arsenic reduction in 

Coles Well 1 is 0.5 mg/L and 3 mg/L, respectively. Although only 0.5 mg/L chlorine was 

required to provide oxidation, the DWS was currently dosing about 1.3 mg/L of chlorine for 

disinfection purposes. It was determined to use the dose of 1.3 mg/L chlorine for pilot testing 

also since this dose would be realistic for the system to implement in the future. 

Figures 5, 6, 7 and 8 present the jar test results for Coles Well 2, and Island Lake Wells 1, 

2, and 3 respectively. The overall trends of each well were very similar to those of Coles 

Well 1.  
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Figure 4. Coles Well 1 jar test results 
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Figure 5. Coles Well 2 jar test results 
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Figure 6. Island Lake Well 1 jar test results 
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Figure 7. Island Lake Well 2 raw water jar test results 
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Figure 8. Island Lake Well 3 jar test results 
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3.2.   Pilot-scale test results 

3.2.1. Raw water quality  
Prior to performing the pilot tests, raw water from Coles Well 1 and Island Lake Well 1 was 

collected for water quality analysis. Coles Well 1 raw water was sampled on February 28th, 

2022, and Island Lake Well 1 raw water was sampled on May 18th, 2022. The results (Table 

4) generally show that Island Lake Well 1 raw water had higher turbidity, iron, manganese, 

ammonia, and sulfate, but lower arsenic than Coles Well 1.  

Table 4. Raw water quality analysis test results 

Parameter Coles Well 1 Island Lake Well 1 Unit Location of 
Analysis 

pH 7.70 7.59   in house 
Temperature 10.10 11.90 0C  in house 
Conductivity 360.00 618.00 µs/cm  in house 
TDS 230.40 395.52 mg/L in house 
Turbidity 0.16 2.2 NTU in house 
Hardness 220.00 394.00 mg/L CaCO3  in house 
Alkalinity 186.00 293.00 mg/L CaCO3  in house 
Iron, total 0.37 0.67 µg/L Fe  in house 
Ammonia, nitrogen 0.14 0.25 mg/L NH3  in house 
Sodium 36.60 37.8 mg/L Na  in house 
Chloride 2.80 17.43 mg/L Cl  in house 
Fluoride 0.20 0.14 mg/L F  in house 
ORP (EMF)  183 mV outsourced 
Nitrate <0.1 <0.06 mg/L NO3  in house 
Bicarbonate 226.92 357.46 mg/L CaCO3  in house 
Carbonate 111.60 175.80 mg/L CaCO3  in house 
Phosphate 
(Phosphorus  
(total reactive)) 

<0.03 <0.03 mg/L PO4  outsourced 

Phosphorus (total) <0.003  mg/L outsourced 
Sulfate 10.00 31.5 mg/L SO4  outsourced 
Sulfide <0.02 <0.02 mg/L S  outsourced 
Mercury <0.01 <0.01 µg/L Hg  outsourced 
Bromide (Routine) <0.3 <0.3 mg/L Br  outsourced 
Total arsenic 10.60 7.10 µg/L As  outsourced 
Dissolved arsenic 10.20 6.60 µg/L As (III)  outsourced 
TSS <2 3.00 mg/L outsourced 
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Table 4. Raw water quality analysis test results cont’d 

Parameter Coles Well 1 Island Lake Well 1 Unit Location of 
Analysis 

Calcium 38.30 73.10 mg/L Ca  outsourced 
Magnesium 21.30 29.20 mg/L Mg  outsourced 
Silica 6.56 8.67 mg/L SiO2  outsourced 
Antimony <0.9 <0.0009 µg/L Sb  outsourced 
Chromium 2.50 0.31 µg/L Cr  outsourced 
Lead <0.09 0.14 µg/L Pb  outsourced 
Manganese 0.03 0.0381 µg/L Mn  outsourced 
Selenium <0.04 <0.04 µg/L Se  outsourced 
Uranium 0.11 0.14 µg/L U  outsourced 
Vanadium 0.06 <0.01 µg/L V  outsourced 
 

3.2.2. Coles Well 1 pilot results 

The following graphs present the performance of each treatment process on arsenic, iron, 

and manganese reduction, using both 0.5 mg/L and 1.3 mg/L chlorine doses. The tests were 

conducted on-site in the Coles Wells Pumphouse in March and April 2022. Each test was 

run in duplicate; therefore, the following graphs show average results. During testing, the 

arsenic, iron and manganese levels in Coles Well 1 raw water ranged from 10-12 µg/L, 0.3-

0.4 mg/L, and 0.028-0.032 mg/L, respectively.  

3.2.2.1. Performance of SORB 33® and Omni-SORB™    

Figure 9 shows the performance of SORB 33® media alone on arsenic, iron and manganese 

reduction under a flow rate of 3 L/min. SORB 33® media removed about 98% arsenic from 

raw water, using both 0.5 mg/L and 1.3 mg/L chlorine doses. Both iron and manganese were 

reduced much below the AO. 
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Figure 9. SORB 33® media performance on arsenic, iron and manganese reduction 
(Coles Well 1) 

Figure 10. Omni-SORB™ and SORB 33® media performance on arsenic, iron and 
manganese reduction (Coles Well 1) 
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Figure 10 shows the performance of Omni-SORB™ and SORB 33® media operated in a 

series, where chlorinated water passes through Omni-SORB™ media first, then SORB 33® 

media, under a flow rate of 3 L/min. Omni-SORB™ media removed about 86% arsenic with 

the 0.5 mg/L chlorine dose, and 78% arsenic with the 1.3 mg/L chlorine dose. After water 

passed through SORB 33® media, about 98% arsenic was removed from the raw water, 

which is the same as shown in Figure 9 where only SORB 33® media was used. 

Both Omni-SORB™ and SORB 33® media were very effective to remove iron from raw water 

with both chlorine doses.  

Omni-SORB™ did not reduce manganese effectively with the doses tested. A higher dose 

of chlorine may be required to reduce manganese or subsequent treatment.  SORB 33® was 

however effective at reducing manganese to target levels with both chlorine doses tested. 

3.2.2.2.  Performance of cartridge filters 

Figure 11. Cartridge filters performance on arsenic reduction (Coles Well 1) 
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The pilot tests compared three different scenarios for the oxidation and cartridge filtration 

train (Train 2). Runs were set-up to operate without FeCl3 addition, with FeCl3 addition, and 

with FeCl3 addition followed by and contact tank. The flow rate for the train was 10 L/min; 

the contact tank provides a 5.4-minute contact time (using a baffling factor of 0.7) (See 

Table 2). As shown in Figure 11, for both the 0.5 mg/L and the 1.3mg/L chlorine dose, 

addition of FeCl3 with or without contact tank increased arsenic removal.  

 

 

Figure 12. Cartridge filters performance on iron reduction (Coles Well 1) 

Figure 12 shows that cartridge filters can reduce the iron to below the AO (0.3 mg/L) using 

both 0.5 mg/L and 1.3 mg/L chlorine doses. With FeCl3 addition and contact tank addition, 

only the 1 µm cartridge filter was able to reduce the iron to below the AO. 
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Figure 13. Cartridge filters performance on manganese reduction (Coles Well 1) 

Figure 13 shows the manganese reduction using cartridge filters. Without FeCl3, cartridge 

filters were generally able to reduce the manganese to below the Health Canada AO (0.02 

mg/L). The 1.3 mg/L chlorine dose provided an increase in manganese reduction compared 

to 0.5 mg/L chlorine dose. With FeCl3 addition, cartridge filters could only reduce the 

manganese to below the Health Canada AO using the 1.3 mg/L chlorine dose. With the 

contact tank after FeCl3 injection, all cartridge filters could reduce the manganese to below 

the Health Canada AO. 

3.2.2.3. Performance of sand filter 

Figures 14-17 show the arsenic, iron, and manganese removal by oxidation followed by a 

sand filter, under three different scenarios (without FeCl3 addition, with FeCl3 addition, and 

with FeCl3 and a contact tank). The flow rate for the train was 3 L/min. Generally, the sand 

filter was very effective at reducing arsenic (Figure 14). For both the 0.5 mg/L and 1.3 mg/L 

chlorine doses, the sand filter could achieve about 82% arsenic removal. With the addition 

of FeCl3 and a contact tank, there was a slight improvement observed in the arsenic removal 

efficiency.  
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Figure 14. Sand filter performance on arsenic reduction (Coles Well 1) 

The sand filter reduced the iron to much below the AO (0.3 mg/L) under all three scenarios 

and with both 0.5 mg/L and 1.3 mg/L chlorine doses (Figure 15).  

For manganese removal, the 1.3 mg/L chlorine dose helped the sand filter to reduce the 

manganese to below the Health Canada AO (0.02 mg/L), but the 0.5 mg/L chlorine dose did 

improve the reduction of manganese. The addition of FeCl3 and a contact tank did not 

provide additional reduction to manganese either (Figure 16). 
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Figure 15. Sand filter performance on iron reduction (Coles Well 1) 

Figure 16. Sand filter performance on manganese reduction (Coles Well 1) 
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3.2.3. Island Lake Well 1 pilot results 

The tests were conducted on-site outside the Island Lake Pumphouse in May and June 

2022. Island Lake Well 1 had lower arsenic levels than Coles Well 1, but the iron and 

manganese levels were higher. Further, Island Lake Well 1 raw water has higher turbidity 

and ammonia than is found in Coles Well 1 raw water (see Table 4). These factors 

contributed to the chlorine demand; therefore, higher chlorine doses were selected to 

chlorinate the Island Lake Well 1 raw water. Based on the preliminary jar tests, 1.3 mg/L 

and 1.8 mg/L chlorine doses were selected for this water source. All the other pilot testing 

conditions remained the same as was conducted in the Coles Well 1 experiment. The 

following graphs (Figures 17 to 24) depict the pilot testing results of each treatment process. 

Each treatment test was run in duplicate; therefore, the following graphs show the average 

results.  

3.2.3.1. Performance of SORB 33® and Omni-SORB™    

Figure 17. SORB 33® media performance on arsenic, iron and manganese reduction 
(Island Lake Well 1) 
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Figure 18. Omni-SORB™ and SORB 33® media performance on arsenic, iron and 
manganese reduction (Island Lake Well 1) 

Figure 18 shows that, SORB 33® media alone was very effective at reducing arsenic, iron 

and manganese. For both the 1.3 and 1.8 mg/L chlorine doses, SORB 33® media was able 

to remove about 97% arsenic from the raw water and was also effective at reducing the iron 

and manganese to much below the AO. There was no difference observed between the two 

chlorine doses on the arsenic removal efficiency.  

Figure 18 shows that Omni-SORB™ followed by SORB 33® media also reduced arsenic, 

iron and manganese effectively. Using both 1.3 and 1.8 mg/L chlorine doses, about 90% 

arsenic was removed after Omni-SORB™ and about 97% of arsenic was removed after 

SORB 33®. Both medias reduced the iron and manganese much lower than the AO. There 

was no difference observed between the two chlorine doses on the arsenic removal 

efficiency.  
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3.2.3.2. Performance of cartridge filters    

Figure 19. Cartridge filters performance on arsenic reduction (Island Lake Well 1) 

Figure 19 shows that the cartridge filters were able to reduce the arsenic to below half the 

MAC (5 µg/L). With the higher chlorine dose, FeCl3 addition, and contact tank addition, the 

arsenic removal efficiency could be increased.  

Figures 20 and 21 show that the cartridge filters could not effectively reduce iron and 

manganese levels in the raw water.  
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Figure 20. Cartridge filters performance on iron reduction (Island Lake Well 1) 

Figure 21. Cartridge filters performance on manganese reduction  
(Island Lake Well 1) 
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3.2.3.3. Performance of sand filter    

Figure 22. Sand filter performance on arsenic reduction (Island Lake Well 1) 

Figure 22 shows that the sand filter could effectively remove about 97% arsenic from raw 

water with the 1.3 mg/L chlorine dose. Using the higher chlorine dose, addition of FeCl3, and 

addition of contact tank decreased the arsenic removal efficiency.  

Figure 23 and Figure 24 show that the sand filter could effectively reduce iron and 

manganese from raw water using the 1.3 mg/L chlorine dose. Using the higher chlorine 

dose, addition of FeCl3, and addition of a contact tank, decreased the removal efficiency. 
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Figure 23. Sand filter performance on iron reduction (Island Lake Well 1) 

Figure 24. Sand filter performance on manganese reduction (Island Lake Well 1) 
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3.3 SDS-DBP test results 

3.3.1.    Coles Well 1 Results 

The treated water from all three treatment train processes had similar DOC, UVa, and 

chlorine demand, therefore, not every treatment effluent sample was analyzed for DBPs 

formation. For Coles Well 1, the effluent from SORB 33®, the effluent from the 1 µm cartridge 

filter, the effluent from the sand filter, and the raw water were collected to perform the SDS-

DBP tests. The results are shown in Table 5.  

Table 5. THMs and HAAs for Coles Well 1 SDS-DBP test 

Parameter Detention 
Time 

Sample Location 

Raw Sorb 33 
effluent 

1 µm cartridge filter 
effluent 

Sand filter 
effluent 

THMs 
µg/L 

5 days 9.2 9.8 8.9 13.8 

7 days 10.3 9.8 10.7 13.4 

HAAs 
µg/L 

5 days <5.3 6.2 <5.3 <5.3 

7 days <5.3 6.2 <5.3 <5.3 

Coles Well 1 raw water had a THMs level at 9.2 µg/L at day 5, and 10.3 µg/L at day 7, which 

were well below the MAC of 100 µg/L, reported as a quarterly, running annual average, 

(MECP, 2006; MECP, 2020). HAAs were both below 5.3 µg/L for day 5 and day 7 which 

also was well below the MAC of 80 µg/L as a quarterly, running annual average, (MECP, 

2020). Effluents from SORB 33® and from the 1 µm cartridge filter had similar THMs and 

HAAs levels at 5 days and 7 days. The sand filter effluent had slightly higher THMs levels 

at day 5 and day 7 but they were still much lower than the MAC. 

3.3.2.    Island Lake Well 1 Results  

For Island Lake Well 1, only the effluent from the 1 µm cartridge filter and the raw water 

were collected to perform SDS-DBP tests. The THMs and HAAs results are shown in Table 

6.  
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Table 6. THMs and HAAs for Island Lake Well 1 SDS-DBP test 

Parameter Detention Time 
Sample Location 

Raw 1 µm cartridge filter effluent 

THMs 
µg/L 

5 days 14 14.2 

7 days 29 16 

HAAs 
µg/L 

5 days <5.3 <5.3 

7 days 19951 <5.3 

Note: 1 Day 5 HAAs levels were below 5.3 µg/L, but the sample collected for Day 7 HAAs was 

reported as 1995 µg/L, which is drastically high. The external lab that analyzed the samples 

confirmed the high concentration of HAAs in this sample by running it multiple times at different 

dilutions to get the result reported. It is suspected that either an interference was introduced into this 

sample or that it was contaminated as the day 5 sample was low. As such, this value was treated as 

an outlier. 

 

Generally, the Island Lake Well 1 raw water and the 1 µm cartridge filter effluent had similar 

THMs and HAAs levels, and they were all well below the MAC except for one HAAs sample 

containing raw water at Day 7-time interval. Due to the results obtained on Day 5 for the raw 

water source, it is believed that sample was contaminated and is being treated as an outlier 

in this report.   

Bromide levels in both Coles Well 1 and Island Lake Well 1 raw water were measured to 

assess the possibility of brominated THMs formation. Results showed that bromide levels 

in both the raw waters was below 0.3 mg/L Br; however, as the total THMs are low, further 

discussion on the specific forms of THMs are not necessary. The above SDS tests were 

conducted under summer conditions and detained at a higher temperature promoting the 

formation of DBPs. The THMs and HAAs levels are expected to be lower during winter 

conditions when the distribution system temperature is lower.  
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4 Considerations and Limitations 

For this project, all experimental pilot runs were completed in about 20 days total. Omni-

SORB™ media, SORB 33® media and sand media were not run for a full cycle to the point 

of requiring backwash or replacement. 

For reference, the cartridge filters were replaced about every 3-4 test runs based on 

pressure monitoring and effluent water quality deterioration that was measured on-site as 

turbidity and total iron. The total run time of the Omni-SORB™ media for this project was 

about 20 hours, SORB 33® media was about 28 hours, and the sand filter was about 38 

hours. No backwashing was performed on any of the filters so parameters such as filter run-

time are unknown. Determining the long-term efficiency, life span of the Omni-SORB™ 

media, SORB 33® media, and the sand filter are outside the scope of this project.  

It is also important to note for the SDS-DBP tests that the procedure uses chlorine demand 

free glassware, and the samples were stored in a well-controlled lab environment. This study 

did not consider the additional chlorine demands often found in a full-scale distribution 

system. Further, the tests only focused on THMs and HAAs formation which are currently 

regulated by the province. Other DBPs were not tested in this study but might be potentially 

considered for regulation in the future, for example, haloacetonitriles and iodoacetic acids 

(Joshua M et al., 2022). 

5 Conclusions 

The following conclusions were found during this project: 

• Preliminary bench scale testing demonstrated that on average for all the water sources, 

the optimal chlorine dose was 0.5 mg/L for oxidation of arsenic and iron and the optimal 

FeCl3 dose was 3 mg/L. Manganese required higher chlorine doses to increase 

reduction. 

• For Coles Well 1, pilot testing results showed that Omni-SORB™ removed about 86% 

arsenic, SORB 33® removed about 98% arsenic, the 10 µm cartridge filter removed 

about 30% arsenic, the 5 µm cartridge filter removed about 52% arsenic, the 1 µm 
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cartridge filter removed 66% arsenic, and the sand filter removed 82% arsenic from the 

raw water. Two chlorine doses were tested on this water source (0.5 mg/L and 1.3 mg/L) 

and it was found that the dose did not make a significant difference on arsenic, iron and 

manganese removal for the Omni-SORB™ and SORB 33® processes. The higher 

chlorine dose tested (1.3 mg/L) increased the manganese reduction for the cartridge 

filters and sand filter processes. 

• For Island Lake Well 1, pilot testing results showed that Omni-SORB™ removed about 

90% of arsenic, SORB 33® removed about 97% arsenic, the 10 µm cartridge filter 

removed about 30% arsenic, the 5 µm cartridge filter removed about 49% arsenic, the 1 

µm cartridge filter removed 72% arsenic, and the sand filter removed 97% arsenic from 

the raw water. Two different chlorine doses were tested on this water source (1.3 mg/L 

and 1.8 mg/L), and it was found that the dose did not make a significant difference on 

arsenic, iron and manganese removal for the Omni-SORB™ and SORB 33® processes 

The higher chlorine dose tested (1.8 mg/L) was found to increase the arsenic, iron, and 

manganese reduction for the cartridge filters process. The higher chlorine dose also the 

improved the manganese reduction, but decreased arsenic and iron reduction for sand 

filter. 

• SDS-DBPs tests selected from different treatment effluents showed that THMs and 

HAAs are much below the MACs, indicating that all three of the proposed arsenic 

reduction processes would not have an adverse effect on DBP formation in the 

distribution system.  
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